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ELECTRIC MOTOR WITH HEAT
DISSIPATING DEVICE

CROSS REFERENCE TO RELATED
APPLICATIONS

This non-provisional patent application claims priority
under 35 U.S.C. §119(a) from Patent Application No.

201010175604.1 filed 1n The People’s Republic of China on
May 13, 2010.

FIELD OF THE INVENTION

This mnvention relates to an electric motor and 1n particular,
to an electric motor with a heat dissipating device.

BACKGROUND OF THE INVENTION

Generally, small electric motors, such as PMDC motors
and electronically commutated DC motors, comprise a stator,
a rotor disposed within the stator and a circuit board on which
a plurality of electronic components 1s mounted. The elec-
tronic components such as power transistors generate heat
during operation of the motor. Usually, an additional heat
dissipating device for the electronic components 1s provided
inside the stator. However, the internal space of the motor 1s
limited which limaits the size and cooling efficiency of the heat
dissipating device.

Hence there 1s a desire for an electric motor with an

improved heat dissipating device for electronic components
thereol.

SUMMARY OF THE INVENTION

Accordingly, 1n one aspect thereof, the present invention
provides an electric motor comprising: a stator comprising a
stator core and stator windings; a rotor rotatably mounted 1n
the stator and having a shaft; a heat dissipating device
mounted around an outer surface of the stator core and con-
figured to absorb heat there from; and electronic components
mounted to the heat dissipating device.

Preferably, the heat dissipating device comprises a base
mounted around the stator core and a plurality of fins extend-
ing radially outwardly from the base.

Preferably, a fan 1s mounted on the shaft and arranged to
generate a flow of air through the 1nside of the stator core and
through slots between the fins.

Preferably, the motor comprises a first end cap located at an
axial end of the stator, and the fan 1s located adjacent an outer
side of the first end cap.

Preferably, ends of the fins adjacent the fan axially extend
beyond the first end cap to form a recerving space between the
ends of the fins and the first end cap, and the fan 1s located 1n
the receiving space.

Alternatively, the diameter of the fan 1s larger than the
diameter of the base of the heat dissipating device, and the fan
1s axially spaced from the fins.

Preferably, the motor comprises a second end cap and a
plurality of locking members for fixing the end caps to the
stator core, the locking members extending through the inte-
rior of the stator core.

Preferably, the motor comprises a circuit board to which
the electronic components are connected.

Preferably, the electronic components comprise transistors
mounted on the heat dissipating device, leads of the transis-
tors being connected to the circuit board.
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2

Preferably, the motor comprises a housing mounted on the
outer surface of the stator core and the heat dissipating device

1s mounted on the housing.

BRIEF DESCRIPTION OF THE DRAWINGS

A preferred embodiment of the mvention will now be
described, by way of example only, with reference to figures
of the accompanying drawings. In the figures, 1dentical struc-
tures, elements or parts that appear in more than one figure are
generally labeled with a same reference numeral in all the
figures 1n which they appear. Dimensions of components and
features shown 1n the figures are generally chosen for conve-
nience and clarity of presentation and are not necessarily
shown to scale. The figures are listed below.

FIG. 1 1s an 1sometric view of a small electronically com-
mutated electric motor 1n accordance with a first preferred
embodiment of the present invention;

FIG. 2 1s an axial sectional view of the motor of FIG. 1;

FIG. 3 1s an 1sometric view of a similar motor in accordance
with a second preferred embodiment of the present invention;
and

FIG. 4 1s an axial sectional view of a similar motor 1n
accordance with a third preferred embodiment of the present
invention.

DETAILED DESCRIPTION OF THE PR.
EMBODIMENTS

(L]
By

ERRED

FIGS. 1 and 2 illustrate a small electronically commutated
electric motor, also known as a brushless DC motor, accord-
ing to a preferred embodiment of the present invention. The
term brushless DC motor refers to a motor which has no
commutator and 1s designed to be operated by DC power
through the use of electronics to electronically commutate the
power supplied to the motor windings. The electronics power
the windings with a chopped DC waveform. Recently, the
term brushless AC motor has been coined to refer to a brush-
less DC motor in which the power supplied to the motor
windings by the electronics more closely resembles a sinu-
so1dal waveform than a chopped DC wavetorm. However, the
term electronically commutated motor encompass both AC
and DC brushless motors while the term brushless AC motor
generally covers a special type or subset of brushless DC
motors.

The motor comprises a stator 10 and a rotor 40 rotatable
relative to and accommodated within the stator 10. The rotor
40 comprises a shait 42, a rotor core 44 fixed to the shait 42,
and magnets 46 fixed to the radially outer surface of the rotor
core 44. The stator 10 comprises a stator core 12 made of
magnetic material such as 1ron. The stator core 12 comprises
a yoke 16 and a plurality of teeth extending inwardly from the
yoke. Stator windings 14 are wound around the teeth.

A heat dissipating device 18 1s provided at the outer surface
of the voke 16. Preferably, the heat dissipating device 18
comprises a cylindrical base 182 and a plurality of spaced fins
184 extending radially and axially from the outer surface of
the base 182. The base 182 1s mounted on the outer surface of
the yoke 16 and has a pair of axial projections 186 formed at
one end thereol. Preferably, the base 182 1s a press {it on the
yoke 16.

The stator 10 further comprises two end caps 20, 22 and
several locking members 24 for fixing the end caps 20, 22.
The locking members 24 extend through the interior of the
stator. Preferably, the locking members 24 extend through
respective slots formed between adjacent teeth of the stator
core.
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The motor further comprises a circuit board 32 and a plu-
rality of electronic components such as power transistors 33
connected to the circuit board 32. The circuit board 32 is
located adjacent to and fixed relative to one end cap 20. The
transistors 33 are mounted to the outer surface of the projec-
tions 186 of the base 182 of the heat dissipating device 18 and
leads 34 of the transistors 33 are fixed to the circuit board 32.
The transistors may be any suitable power transistors such as

MOSFETs.

Ends of the fins 184 remote from the axial projections 186
extend beyond the other end cap 22 1n the axial direction. A
receiving space 1s formed between the ends of the fins 184 and
the end cap 22. A fan 48 1s mounted on one end of the shaft 42
and located 1n the recerving space. Preferably, the fan 48 1s a
centrifugal fan comprising several vanes 49 extending radi-
ally. When the motor 1s 1n operation, airtlow generated by the
tan 48 tlows into the slots formed between adjacent teeth of
the stator and the space between the stator and the rotor, then
flows out from the end of the motor adjacent to the fan 48 and
through the airtlow passage formed between the vanes 49 of
the fan 48 to thereby cool the rotor core 44, magnets 46, and
the stator windings 14. The air exiting {from the fan 48 tflows
through slots formed between the ends of the fins 184 and
carries heat away from the fins 184. Thus, heat generated by
the transistors 33 1s rapidly conducted to the heat dissipating,
device 18 and then dissipated to the environment. The heat
generated within the stator core 1s partially dissipated through
the heat dissipating device 18.

Alternatively, the air may flow 1n the opposite direction.

FI1G. 3 shows an electric motor 1n accordance with a second
embodiment of the present invention. The electric motor 1s
similar to the one shown 1n FIG. 1. However, 1n this embodi-
ment, the circuit board 32 and the axial projections 186 of the
heat dissipating device 18 are located adjacent the fan 48.
Also, the diameter of the fan 48 1s larger than that of the base
182 of the heat dissipating device 18. The fan 48 1s mounted
on the end of the shait 42 and 1s located outside of the fins 184.
When the motor 1s 1n operation, airflow generated by the fan
48 tlows through the slots formed between adjacent teeth of
the stator and the space between the stator and the rotor, and
then flows out from the end of the motor through the fan 48.
The fan also induces air to flow between the fins 184, thereby
cooling the rotor core 44, magnets 46, stator core 12, stator
windings 14 and transistors 33.

In the above-mentioned embodiments, the base 182 of the
heat dissipating device 18 1s mounted on the outer surface of
the stator core 12 directly.

FIG. 4 1llustrates an alternative arrangement 1n which a
housing 19 1s mounted on the outer surface of the stator core
12 and the heat dissipating device 18 1s mounted on the
housing 19. The motor of this third preferred embodiment 1s
similar to the motor of FIG. 1 with the exception of the
additional housing 19. The housing 19 may be considered as
an additional part of the stator core 12. Preferably, the housing
19 1s thermally and magnetically conductive and forms a part
of the heat path between the stator core and the heat dissipat-
ing device as well as a part of the magnetic flux path of the
stator. This 1s specially useful when the stator core 1s a seg-
mented stator core.

The electric motor of the present invention 1s suitable for
power tools such as drills.

In the description and claims of the present application,
cach of the verbs “comprise”, “include”, “contain” and
“have”, and variations thereof, are used 1n an inclusive sense,
to specily the presence of the stated item but not to exclude the
presence of additional 1tems.
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Although the mnvention 1s described with reference to one
or more preferred embodiments, 1t should be appreciated by
those skilled 1n the art that various modifications are possible.
Therefore, the scope of the invention 1s to be determined by
reference to the claims that follow.

For example, although the present invention has been
described with reference to a small electronically commu-
tated motors, the invention 1s also applicable to servo motors,
stepper motors and other types of electric motors having heat

generating electronic components.

The mvention claimed 1s:
1. An electric motor comprising:
a stator comprising a stator core and stator windings;
a rotor rotatably mounted 1n the stator and having a shaft;
a heat dissipating device mounted around an outer surface
of the stator core and configured to absorb heat there
from, the heat dissipating device comprising a substan-
tially cylindrical base mounted around the stator core,
and a plurality of fins extending radially outwardly from
an outer periphery of the base, wherein the base has a
first axial end and a second axial end opposite to the first
axial end, the base has an opening at the second axial
end, and the plurality of fins define a plurality of air
passages extending from positions adjacent to the first
axial end towards the second axial end of the base;
a circuit board located at the opening of the base, the circuit
board having a through hole at a central portion thereof;

an end cap located at an outer side of the circuit board such
that the circuit board 1s located between the end cap and
the stator, the end cap fixed to the stator and having a
bearing supporting the shaft of the rotor;

at least one electronic component mounted to a radially

outer surface of the base of the heat dissipating device
adjacent to the second axial end of the base, and aligned
to at least one air passage of the heat dissipating device
1n an axial direction of the stator; and

a fan mounted on the shait and arranged to generate a tlow

of air through an interior of the stator core and the air

passages between the fins,

wherein the at least one electronic component 1s electri-
cally connected to the circuit board, and

wherein the plurality of fins have first ends extend axi-
ally beyond the end cap, defining a receiving space
between the first ends of the plurality of fins and the
end cap, and wherein the fan 1s completely located 1n
the recerving space.

2. The motor of claim 1, wherein the fan 1s located adjacent
to an outer side of the end cap.

3. The motor of claim 2, wherein the diameter of the fan 1s
larger than the diameter of the base of the heat dissipating
device, and the fan 1s axially spaced from the fins.

4. The motor of claim 1, further comprising a housing
mounted on the outer surface of the stator core and the base of
the heat dissipating device 1s mounted on the housing.

5. The motor of claim 1, wherein the base comprises at least
one projection at an lateral periphery thereof, and the at least
one electronic component 1s mounted to an outer surface of
the at least one projection of the base.

6. The motor of claim 1, wherein the first ends of the
plurality of fins extend radially inward at an end surface of the
axial end of the base, and each fin has an increased radial
width at the first end with respect to the remaining portions.

7. An electric motor comprising;

a stator comprising a stator core and stator windings wound

on the stator core;

a rotor rotatably mounted 1n the stator and having a shaft;
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a heat dissipating device mounted around an outer surface
of the stator core and having a substantially cylindrical
base surrounding the stator core and a plurality of fins
extending radially outwardly from an outer periphery of
the base, wherein the base has an axial end; d

a circuit board located at the axial end of the base;

a Tan arranged to generate an airflow tlows between the
plurality of fins; and

at least one electronic component mounted to and ther-
mally contacting an outer surface of the base of the heat
dissipating device adjacent to the circuit board, wherein
the at least one electronic component has conductive
portions extending over a circumierential surface of the
circuit board and electrically connected to the circuit
board, the circumierential surface is parallel to the shatt,

wherein at least one of the plurality of fins has a first axial
end adjacent to the electronic component and a second
axial end located farther from the electronic component
than the first axial end, and

wherein the fan and the plurality of fins are located at two
axial ends of the at least one electronic component,

respectively.

8. The motor of claim 7, wherein the base has an another
axial end opposite to the axial end, the plurality of fins have
first ends extending axially beyond the another axial end of 2>
the base.

9. The motor of claim 7, further comprising a housing
mounted on the outer surface of the stator core and the base of
the heat dissipating device 1s mounted on the housing.
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10. The motor of claim 7, wherein the base comprises at
least one projection at an lateral periphery thereof, and the at
least one electronic component 1s mounted to an outer surface
ol the at least one projection of the base.

11. The motor of claim 7, wherein the at least one of the
plurality of fins 1s axially aligned with the at least one elec-
tronic component.

12. The motor of claim 1, wherein at least one of the fins has
a radially outmost end which 1s located farther from the stator
core than a radially outmost end of the at least one electronic
component.

13. The motor of claim 1, wherein the at least one elec-
tronic component and the fan are located at two axial ends of
the plurality of fins, respectively.

14. The motor of claim 1, wherein the fan and the fins are
located at two axial ends of the at least one electronic com-
ponent, respectively.

15. The motor of claim 1, further comprising an another
end cap and a plurality of locking members, wherein the
stator core has a plurality of teeth spaced from each other with
a plurality of slots defined between the plurality of teeth, the
locking members extend though respective slots and connect
the end cap and the another end cap together.

16. The motor of claim 4, wherein the outer surface of the
stator core forms a plurality of ribs extending 1n axial direc-
tion of the stator core, the ribs are spaced along a circumfier-
ential direction of the stator core, and the base 1s press fitted
on the ribs of the stator core.
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